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TESTS OF THE LANDING ON WATER OF A MODEL OF A HIGH-SPEED
ATRPLANE ~ IARGIEY TARK MODEL 229
By Douglas L. King

SUMMARY

An Investigation was mede at Langley tenk no. 2 monorail of the
landing on smooth water of a l—Jé-size dynemic model of a hypothetical
;je'l:.- and rocket-propelled airplane designed to fly at transonic
gpeeds. The model skipped out of the water and experienced maximum
normal accelerations up to T.ig and meximm longitudinal accelerations
up to kSge A s8light modification which broke the transverse
curvature of the rear of the fuselage bottom reduced the suction
forces there, eliminsted the resultant skipping, and reduced the
maximum normal accelerations.

The test is part of an investigation of the feaslbility of the
operation from water of high-speed alrplanes, and the results of this
test form a basise for evaluating the improvements In hydrodynemic
cheracteristics obtained by various types of modificetions to the
basic modele.

INTRODUCTION

Contemporary airplsnes designed to fly at transonic and supersonic
speeds usually have very high landing speeds, caused by the use of
high wing loadings, sweepback of the wing, thin airfoll sectlione, and
flaps that are not of the extremsely high-1ift types. The landing
gears of such alrplanes not only add to the weight but must be completely
retracted in flight, thereby occupying valuable space in an alresady
crowded airplene. High landing speeds lead to the necessity for long,
smooth runways and make more difficult the design of landing gears,
wheels, and brekese. Similer disadvantages obtain during take-off.
Prelininary consideration indicested that the msjority of the dis-
advantages might be reduced or eliminated by the operation of high-
speed alrplanes from water instead of from land, and that the modi-
fications necessary to assure satisfactory hydrodynamic performence
could be of such & form as not to affect the serodynemic performence
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To Investigate the feasibility of the water-based operation of
high-speed alrplanes, a series of tests of a dynsmically similar model
of a hypotheticel Jet~ and rocket-propelled transonlc airplane is
being made to observe the take-off and landing characteristics of
the model and the effects of various types of modifications on these
cheracteristics. All modificetions under conslderation are designed
to be retractable or to have & minimum of air drage The first part
of the investigatlion is concerned with landing characteristics,
vhich are considered to be of primary importance because, for meny
applications, the teke-off might be made with the ald of a cetapult
or other meanse. The present paper considers only the lsnding in
smooth water of the basic model and one modificatione The landing
characterlistics of the basic model form & reference for evaluating
the improvements obteined by the various types of modifications.

MODEL

The model, designated Lengley tenk model 229, was based on an
existing alrvlene that is designed to fly at tremnsonic speeds. The
general arrangement of the model is shown in figure 1 and & photograph
of 1t 1s shown as figure 2.

The suggested Interior arrangement of the full-slize airplane is
gshown in figure 3. As cen be seen, the turbojet engine, together
with its tail pipe and air-intake ducts, 1s mounted above the center
line of the fumelage to prevent the entry of water. The rocket motor
is placed below the turbojet tall pipe at the rear of the fuselage,
because it was consldered that the entry of water into it would not
affect 1ts operation.

Pertinent dimensions of the hypothetical airplane and the —1]_*2--5123
model are given In the following table:
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Full size Model
Wing Bpan, feet ¢ ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 00 ¢ e ¢25 2,08
Wing area, Bauare feet ¢ o ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ 0 ¢ o 175 1l.215

Sweepback of wing 30-percent chord line, degrees e ¢ « « 35
Dihedral of ﬂing chord Plane, degl’.‘ees » ¢ o ¢ 0 © o 0 o ¢ =3
Wingincid.ence,degrees...........o.....3
Fuﬂelase 1engbh, feet ¢ ¢« ¢ ¢ ¢ ¢ ¢« s ¢ ¢ ¢ o 0 « Lo 22 3.52
Meximm diameter of fuselage, feet o o o o ¢ o « o 5400 O.u2
Longitudinal position of center of gravity
Feet from NOBO ¢ ¢« ¢ ¢ ¢ o ¢ ¢ ¢ a ¢ ¢ ¢ o 0 @ 21.19 1076
Percent M«.AoCe projected parallel to fuselage

referen_celine 0000000.00000000‘01806

Vertical position of center of gravity :
Feet below fuselage reference 1in€ o« o ¢« o o o o 0oli3 - 04036

Gross weight with full fuel tanks, pounds « « o o 13,140 Te61
Lending weight with 40 galloms of turboJjet fuel

left, POUNGE o o o o s o ¢ « o s ¢ s o o « o ¢ 5720 5405
Moment of inertia in pitch, slug-feet® . « « ¢ o 18,500 0.0749
Moment of inertia in roll, slug=feetZ . « o o « o o 24h0 0.00982
Moment of inertie in yaw, slug~feet® o o o o o o 15,600 040629
Turbojet thrust, DOUNAE « o o o o o o o oo ¢ ¢ o » 3000 lo7k

With water injection (about) « « o « « o o o o ¢ 3500 2.03
Rocket thrust, pounds « « « ¢ ¢« « s ¢ ¢ ¢ o ¢ ¢ & o 6000 3475

Note: Moments of lnertia are gbout the center of gravity and for the
landing weight.

The model wage constructed of balsa wood with polints of high-stress

concentrations reinforced with plywood and herdwood. The tall surfaces
were covered with strong tissue paper.

To improve the landing characteristics of the basic model, the
lower rear portion of the fuselage was modified slightly to flatten

coalnmgur,
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eand breek the circular cross sectionse The resulting form of the
bottom was that of a small planing surface with 20° angle of dead
rise emerging from the original fuselage. The keel line of this
modification was tangent to the lower profile line of the fuselage
about halfway between the tail and the btralling edge of the wing.
Figure I shows & comparison between the original and the modified
fuselage.

APPARATUS ARD PROCEDURE

The tests were made at the Langley tank noe 2 monorail, an apparatus
which provides a meane for lawvnching a model into the alr at a preset
attitude and dlstance above the water. The launching speed was
determined by measuring the time required for the lawnching carriage
to traverse a known distance during wmaccelerated motion Just prior
to the release, and could be determlined to #0.l foot per asecond.

Aerodynamic tests of the model were made to determine, for
various attitudes and flap deflectlons, the landing speed and the
elevator deflection required to malntain attitude. The results of
these tests, shown in figure 5, showed that a stall landing would be
mede at an attitude of about 120. An attitude of 8° was selected as
tyvical of a faster landinge

The behavior of the model during landing and the length of the
landing run were obeerved viesuslly and reccrded by a motion-picture
camera at the side of the tenk. Time-history recorde of acceleratione
parallel and perpendicular to the fuselage reference line were obtained
by a small, spring~driven, recording accelerometer wilth an accuracy

of t%g. The procedure used to obtain the accelerations in one

direction during a rwn, and then to tuwrn tke accelercmeter through 90°
and repeat the run to get the accelerations in the other directione.
The accelerations presented herein are those measured at a point

8%‘- inches forward of the cemter of gravity and on the fuselage

reference linee. Pcsitive senses of normal and longi’cudinal accelerations
are upward and rearward, respectivelye.

All landings were made at the landing weight of 5.05 pounds,
corresponding to 8720 pounds, full 8izee« Most of the landings were
mede with a flap deflection of 20°, Flap deflection of 400 vas used
for several landings, but in this condition the model tended to roll
end piitch in the ailr at high angles of attacke.
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RESULTS AND DISCUSSION
Landing of Baslic Model

Sequence photographs of two typlcal landings of the basic model
are shown as figures 6 and 7. A description of a typical landing
follows: At the instant of landing, the rear of the fuselage
hit the water and the model trirmmed down a little. After running
in the water for a short disbance, the flow of water around the rear
of the fuselage sucked 1t down into the water so that the model
trimmed up rapidly end skipped out of the watere. At the second
conbact with the water the model trimmed down, ran at that attitude
for some distance, trimmed up end then down againe 3y this time
the model had slowed down almost campletelye At the end of the rum,
the model turned, usuelly to the right. The twrn was sherp but not
violent due to the low speed at which it occurrede

In about half of the landings, the rear of the fuselage touched
the water lightly and briefly, making the modsel trim down slightly
in the aire The remainder of the landing run then took place as
previously described.

During the approach to some landings at high attitudes, the model
rolled in the ailr so that one wing tip hit the water befare any other
part of the airplense When this happened, there was no indication of
yaving or pivoting around the wing tipe The tip was in conmbtact with
the water for a very short time only and the water forces on it
rolled the model back wmtil the wings were about levele The model
then continued its lending in the usual mannere This indicates that
the wing tip provided adequate planing 1lift for lateral stability
wlthout wndesirably high resistance. Thus no tip floats or specisl
planing swrfaces et the wing tips need be usede.

Typlcal time histories of normal and longituwdinel saccelerations
experienced during landings are shown 1n figure 8, and a summary of
accelerations and lengths of landling runs is glven in table T. As
can be seen, the maximum accelerations experienced were T.lg in the
normal direction and L.5g in the longitudinal direction. The values
of accelerations given in table I for any one landing are the peak
accelerations obtalned at various times during lendinge. The First
peak of normal acceleration is aesoclated wlth tke perlod of the
landing run Just before and during the rapid trimming up preceding
the skip of the model out of the water. The second peak of normal
acceleration 18 experlenced when the model again hits the water
after the skipe The time scale of the accelerameter records varied
somevhat, so precise correlation of the motion pictures and the time
histories of accelerations was not possiblee The normal asccelerations
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measured on the basic model are about the same as those obtained during
landings of flying boats on rough water, but are greater than those
obtained dwring landings of flylng boats on smooth water or of lend-
planes landing on runwayse The longltudinel accelerations obtained
on the model are considerably greater than those obtalned during
landings of flying boats on smooth water, but are about the same

as those obtalned during ditchings of landplanes whlch are considered
to have satisfactory ditching cheracteristices. The first peak of '
longitudinal acceleration is greater than the usual maximm
acceleration experienced by carrier alrcraft in arrested landingse.
The average longlitudinsl acceleration is about the same as that of
usual arrested landings of carrier alrcrafte

As the landing attltude increased, the height and violence of
the skip decreasede Flap deflection had no spparent effects on the
accelerations experlenced dwring landings, but demage to the flaps
wvas more likely to occwr at the L0° flap deflectione

Landings of Modified Model

Sequence photographs of a typical landing of the model with the
modified fuselage are given as figure 9, and time histories of
normal acceleration and longltudinal acceleration are glven as figuwre 10«
A sumnery of the accelerations and lengths of landing runs observed
dwring the tests are given in table II. The maximm accelerations
experienced by the modified model were 5.5g normal and 3.6g longitudinal.
The modification reduced the suction force at the rear of the fuselage
and eliminated the resultant skipping of the modele The modification
reduced the normal accelerations, but had less effect on the longitudinal
accelerations.

The air drag added by the modification to the fuselage is
probably negligible or very asmall because the sharp edges of the
modification were designed to be parallel to the air flowe. This
alr drag could be eliminated by using retractable breaksr strips in
place of the modification testeds Such breaker strips have been
successfully used on the tall extensions of other models to break the
vpward flow of water and thus eliminate suction forces on the tail
extensionse

CONCLUSIONS

The following conclusions were drawn from the resulis of landing
tests in smooth water of a model of a hypothetical transonic airplane
as originally designed and as modifled by the addition of a plening
surface at the rear of the fuselage:



NACA RM Noe L7IOS J,

l. The flow of water around the rear of the fuselage produced
suction forces which Increased the trim and caused the model to
gkilp out of the watere.

2+ Flattening and breaking the circular transverse sections at
. the rear of the fuselage bottom reduced the sucitlion at the rear of the
fuselage and eliminsted resultant skippinge.

3¢ The maximm normal accelerations experienced during lendings
were T.4g for the original model end 5.6g for the modified model.

L, The maximm longitudinal accelerations were 4.5g for the
original model and 3.5g for the modlfied model.

5¢ No tip floats or auxillary planing suwrfaces need be used to
obtain adequate lateral stability dwring water landings.

Langley Memorial Aercnautical Laboratory
Natlional Advisory Cammittee for Aeronautics
Langley Field, V=ae.
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TABIE I.- SUMMARY OF RESULTS OF LANDING TESTS OF BASIC MOI®L

R
e | G [ | e S
slze Tonethe)

4o 8 132 1 k.5, 2.2, 2.4 9
2 3.8, 1.2 1

2 119 3 3.2, 1.5, 2.0 131

b 3.0, 1.2 10

5 5.4, 1.6 13

&6 6.8, 1.0, 1.8 1

7 5.2, 1.4 13

26 el *8 h.2, 2.k 13

%9 4.2, 1.8 11

20 8 1k 10 k.2, 6.6 ™
1L 5.0, 7.k 1

12 5.0, T.2 1

12 2k | 13 6.0, 6.0 17

I 5.2, 4.0 15

15 6.0, 5.0 16

1k 122 16. 5.2, 6.0 =

17 6.0, 4.0 18

MModel rolled in air and landed on right wing tip.
PModel rolled in air end landed on left wing tip.

RATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE YI.~ SUMMARY OF RESULTDS OF LANDING TESTS OF MOIEL

WITH MODIFIED FUSELAGE SR,
1a

dﬂi’%gz)im M’m E Lending aoaamlﬁltion, ﬁfm, éﬁ:"‘{‘l
size B 8 lengths)

ko 12 19 1 L.6 13

14 138 2 k.6 9

20 8 141 3 3.6, 1.8 13

4 3.6, 1.h 1L

5 h.h, 3.0, 1.4 13

6 L.6, 2.6 1

12 124 7 3.6, 1.8 15

8 3.0, 2.0 17

9 k.6, b0 1k

10 5.8, 1.4, 3.0 13

1 120 0 32, 1.8 13

12 5.6, 2.0 1

13 5.0, L.b un

S NATTONAYL ADVISORY

COMMITERE XCR AXRONATYICS
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Figure 2,- Photograph of model 229,
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Figure 4~ Model 229. Comparison between original and modified fuselages.
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Flgure 6.~ Sequence photographs of landing of basic model at attitude of 12'0. Time interval
between pictures 0,22 second, full-size.

NATIONAL ADVIEORY COMMITTEE POR AEAOMAUTICE
LANGLEY MEMCOMAL AERONAUTICAL LABORATONY ~ LANGLEY FIELD, vA.
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Figure 7.- Sequence photographs of landing of basic mode] at attitude of 8°. Time interval
between pictures, 0.22 second, full-size. b

_ NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AFRONAUTICAL LABCRATORY — LANGLFY FIELD. VA
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Figure 8.- Typical time hisfories of normal and longitudinal
accelerations experienced during landings of basic model.
(All vatues are full- size)






Figure 9.- Sequence photographs of landing of medel with modified fuselage. Time interval
between plctures, 0.22 second, full-size,
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Figure 10.- Typical Time histories of normal and
longifudinal accelerations experienced during
landings of model with modified fuselage.
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